Background. Individuals with type 2 diabetes mellitus (DM) are at a greater risk of tuberculosis (TB) reactivation. There is a paucity of information about the risk factors associated with latent tuberculosis infection (LTBI) in patients with diabetes. Objective. We conducted an observational study to compare the prevalence and risk factors associated with LTBI factors in Malaysian adults with and without DM. Methods. Four hundred and four patients with DM and 359 patients with non-DM at a regional primary care clinic were recruited as participants in this case-control study. The tuberculin sensitivity test (TST) was performed. The presence of LTBI was defined by a TST value of 10 mm in DM patients and 10 mm in the non-DM group. A logistic regression model was used to identify variables associated with LTBI. Results. There was no statistical significant difference in the prevalence rates seen between the DM and non-DM group of the study. LTBI prevalence among patients with DM was 28.5%. The proportion of patients in the non-DM group with LTBI was 29.2%. When a critical cut-off of 8 mm was used, the adjusted odds ratio of LTBI in DM patients was 1.88 (95% confidence interval: 1.22-2.82). Smoking was an independent risk factor for LTBI regardless of DM status. HbA1c levels or anthropometric measurements were not associated with LTBI in diabetic patients. Conclusions. There is no significant risk of contracting LTBI in DM patients using the standard 10-mm TST cut-off. Nonetheless, using lower cut-offs in a DM population appear valid. Smoking is an important predictor of LTBI.
Introduction
In recent years, there has been a steady increase in the incidence of type 2 diabetes mellitus (DM) in Malaysia (1, 2) . A parallel rise was also witnessed in the number of tuberculosis (TB) cases in the country (3). These trends have been attributed to the accelerated reactivation of latent TB infection (LTBI) (4) . However, there is a scarcity of information on the prevalence rates of LTBI to guide specific intervention, especially within high-risk groups such as individuals with diabetes.
Considerable research effort has been undertaken to establish the link between DM and active TB (5) . On the other hand, little emphasis has been given to the definitive determination of the influence of DM on LTBI (5) . Several studies report high prevalence rates of LTBI among patients with DM (6) (7) (8) . There is also evidence showing significant correlation between LTBI and hyperglycaemia (6) (7) (8) . From a regional perspective, a study in Singapore has verified the prevalence rates of LTBI among individuals with DM at a tertiary care centre (9) . However, the findings from these studies remain inconclusive. In the absence of a control group (low-risk population in the community), little meaningful comparison can be drawn from these results (5) .
Routine screening and treatment is recommended in patients with a concurrent diagnosis of diabetes mellitus and LTBI in developed nations (where the burden of TB is low). This primary preventive measure eradicates the possibility of the emergence of active TB in high-risk groups (10) . In Malaysia (a country with an intermediate burden of TB in the population), the detection and treatment of patients with LTBI remain controversial (4) . In tandem with the rise in the burden of diabetes, a research-orientated approach is needed to gauge the feasibility of prophylactic treatment of vulnerable populations in the society (4) .
The objective of this study is 2-fold. The principal aim of the study is to determine the LTBI prevalence rates in a DM and non-DM population at a community level. The second objective is to evaluate the strength of various factors related to the reactivation of LTBI. The outcome of this study could provide better insight into the magnitude of the 'hidden' reservoir of LTBI in a population who are at a greater risk for reactivation of TB.
Research design and methods

Study population
The study involves the assessment of the reaction to tuberculin sensitivity test (TST) in a randomly selected sample receiving treatment at an urban primary care clinic between October 2014 and December 2015. A case-control study design was adopted, and a purposive sampling technique was employed to identify eligible patients at the non-communicable disease clinic at the Seremban Primary Health Clinic, a regional primary care clinic in the state of Negeri Sembilan, Malaysia. The sample comprised an adult population aged 18 and older seeking consultation at the primary care clinic. Based on the annual clinic appointment list for the year 2014 and 2015, a total of 842 records of patients (all from the district of Seremban) were reviewed. Consequently, a nominal list of eligible participants was generated to allow the random selection of patients with and without diabetes. Patients who refused to participate were randomly replaced with other available participants on the nominal list.
The participants of the study were classified into two distinct categories-the DM and non-DM group. The DM arm encompasses DM patients seeking treatment at the primary care setting with documented HbA1c levels. The non-DM arm consisted of patients who had been screened to rule out pre-DM and DM states. Participants in both arms were excluded if they (i) have received previous Mantoux testing, (ii) are diagnosed having active TB infection or previous known TB infection, (iii) have underlying cognitive impairment, (iv) recent exposure to TB, (v) are health care workers, (vi) are diagnosed with Hepatitis B and C markers, (vii) received immunoglobulins, corticosteroids or immunosuppressants, (viii) have been diagnosed with chronic kidney disease/end stage renal failure, (ix) HIV infection, (x) are undergoing chemotherapy for cancer and (xi) are pregnant.
Study design
The case-control study involved the concurrent recruitment of both DM and non-DM patients from the non-communicable disease department at the clinic (Fig. 1 ). They were then randomly selected to undergo tuberculin testing. Once informed consent was obtained, the investigator interviewed and examined the participants to acquire information on socio-demographic data, history of present medical illness, known previous history of TB, the presence of Bacille Calmette-Guerin (BCG) vaccination scar, history of smoking and history of TB contact. This cursory step was designed to rule out the presence of active TB and other potential risk factors for reactivation. The medical records of each patient were also reviewed to ensure the accuracy and the completeness of the information given. Anthropometric measurements that included height (in centimetre) and weight (in kilogram) were assessed with the participants wearing light clothing with shoes. Body mass index (BMI) was calculated as weight (in kilogram) divided by height (in metre squared). Two trained personnel performed all measurements. Details relevant to mean blood glycosylated haemoglobin (HbA1c) and serum creatinine levels were also obtained from these records. Measurements for serum creatinine and fasting/random blood sugar levels were performed in the Cobas 6000 Analyzer Series (Roche Diagnostic GmbH, Germany). Mean blood glycosylated haemoglobin (HbA1c level was determined by the D-10 HbA1c test (Bio-Rad Laboratories).
The TST was carried out by a research nurse trained in the administration of the test. The patients were injected with purified protein derivative (PPD) of 0.1 ml (Tuberculin PPD RT 23 SS2 T.U/0.1 ml, Statens Serum Institut Denmark) in accordance to local guidelines (11) on the volar surface of the arm below the antecubital fossa. The injected area was marked with a red waterproof marker. The reaction to the TST was read at 48-72 hours as millimetre of induration using the ballpoint pen method (12) . The induration was measured perpendicular to the long axis of the forearm. The principal investigator was responsible for reading all TST results. In order to minimize bias, administration and the reading of TST in all patients were standardized in accordance to CDC guidelines in the form of a wall chart in the TST administration/interpretation room (13) . An induration that read ≥10 mm was considered a positive tuberculin reaction for both DM and non-DM participants (11) .
All patients were informed of the consequence of the TST results. Patients with negative tests were instructed to continue their routine follow-up at the clinic. They were informed that they do not require further assessment as their test results were normal. Patients with a positive test were informed of the results and were recommended to perform a chest X-ray and sputum acid-fast bacilli (if symptomatic) to rule out the possibility of underlying active TB. All chest X-rays were reviewed and reported by a team of radiologists who were blinded to the TST results. This step was done to ensure accuracy of the interpretation of the chest X-ray films. Once active TB has been excluded by performing these tests, the patients were followed up via scheduled appointments for 5-10 years. This surveillance strategy allows both the principal investigator and a family medicine specialist to monitor for the progression of LTBI to active TB among the study participants.
Data analysis
The sample size was calculated to achieve 95% power at the 5% significance level. An appropriate sample size of 314 patients was calculated based on the prevalence of latent TB in DM patients (28.2%) (9) . All statistical analyses were done with 95% confidence interval (CI), and the level of significance was set at P < 0.05. The statistical interpretation of the data was performed using Statistical Package for Social Sciences (SPSS version 20; IBM Corp.).
Continuous data were described as mean, median and standard deviation (SD). All descriptive data were reported as mean and percentages. The chi-square and independent t-tests were carried out to compare variables between the DM and non-DM population. The definition of a positive tuberculin reaction was 10 mm for the DM group and 10 mm for the non-DM group (10) .
The association between the induration size and the clinical variables affecting TST was assessed using Pearson and Spearman-rank order correlation analysis. Multivariate logistic regression was used to identify the predictors of a positive tuberculin reactivity. The positive predictive value (PPV) of the TST was determined through the utilization of a TST/interferon-γ-release assays (IGRA) interpreter (14) .
Results
A total of 842 patients were recruited between December 2014 and August 2015. The characteristics of the population with and without diabetes are summarized in Table 1 . Out of the 415 DM participants of the study, 404 patients were chosen. The drop-out rate was 3.1% (n = 13). In contrast, the final number of participants in the non-DM group was 359, with a larger drop-out rate of 16.3% (n = 68). The reasons for the patient drop out were (i) refusal to participate in the study (n = 4, 4.9%), (ii) failure to return for TST interpretation/reading (n = 6, 7.4%), (iii) failure to attend TST appointments (n = 18, 22.2%) and (iv) failure to meet the eligibility criteria (n = 53, 65.4%). The mean age for both groups was 61.7 and 63.0, respectively. The mean BMI for both groups were 27.1 and 25.7 kg/m 2 . There were a higher number of males in the non-DM population (57.4%) and more females in the DM group (58.2%). Majority of the patients in both groups were from Chinese descent (DM: 43.8%, non-DM: 68.8%) followed by Indians (DM: 40.8%, non-DM: 16.2%) and Malays (DM: 15.1%, non-DM: 13.4%).
The distribution of BCG vaccination in both groups (evidenced by visible vaccination scars) was >98% as all these patients were born in the period after the introduction of BCG vaccination in Malaysia. No participants had either recent contact with patients with TB or history of known previous TB infection. About 9.4% (n = 38) of the DM population and 16.7% (n = 60) of the non-DM population were current smokers. The mean duration of treatment of diabetes was 9.5 years. The majority of the DM population (60.6%, n = 245) were treated with oral anti-hypoglycaemics (OHA). None of these patients had any significant changes on the chest X-ray suggestive of active TB. Taking into account the factors that influence TST reactivity, the PPV of the TST for both groups was >80%.
The characteristics of DM, non-DM and the LTBI population are shown in Tables 2-4 . There were 115 cases of LTBI among the 404 members of the DM group. The prevalence of LTBI in the DM group was 28.5% compared to 29.2% in the non-DM sample (P = 0.812). The adjusted odds ratio (aOR) for both groups was not statistically significant (95% CI: 0.810-1.856) with a P-value of 0.34. A TST critical value of 8 mm in the DM group was sufficient enough to cause a statistically significant difference when compared with the non-DM group (P = 0.002). The aOR among patients with diabetes using this threshold was 1.88 (95% CI: 1.251-2.817).
In the non-DM group, the proportion of the male population with a positive TST reaction was greater compared to females (35.0% versus 21.6%) with a P-value of 0.004. A greater percentage of men were also diagnosed with LTBI in the DM group (31.4% versus 26.4%,). However, this finding failed to achieve statistical significance (P = 0.274). There was a significant inverse relationship between age and tuberculin reactivity in both persons with diabetes and without diabetes (P < 0.05). Ex-smokers and current smokers were more likely to have a positive TST than never smokers in both groups (P < 0.001). In ever smokers, it was not clear if there was a trend towards a dose relationship between the proportion with TST reactivity and the number of pack-years smoked in both populations. On the other hand, there is some evidence that smoking may affect the possibility of being diagnosed with LTBI in both DM and non-DM group (P = 0.05).
BMI did not have a significant association with TST reactivity in both groups (P = 0.816). In DM individuals, there was no significant difference in HbA1c levels between positive and negative Mantoux results (P = 0.787). Likewise, there was no difference in the positive TST reactions among OHA and insulin users in the DM population (P = 0.994). A stepwise multiple logistic regression analysis was carried out to identify the significant determinants of tuberculin reactivity. The model contained six independent variables (gender, age, ethnicity, BMI, DM status and smoking habit). The full model containing all predictors was statistically significant, χ 2 (5, N = 552) = 51.0, P < 0.001. The important predictors of LTBI status were age and smoking habit (P < 0.001). It was found that being a smoker (ex and current in both groups) increased the risk of a reactive TST by 4-fold (P < 0.001). Conversely, factors such as BMI, age group, ethnicity and gender were poor predictors of LTBI (P > 0.38). When an 8-mm TST cut-off was used for the diabetic group, both DM status and smoking habit increased the risk of a positive TST reaction by 2-and 4-folds, respectively (P > 0.003).
Discussion
In Malaysia, efforts have been made to gauge the prevalence of LTBI in several high-risk groups. The prevalence rates among these groups (except health care workers) were high, ranging between 53% and 88% (4). Nevertheless, there is limited data on the prevalence estimates of LTBI specifically targeted to persons with diabetes. In our study, the prevalence of LTBI among patients with diabetes (28.5%) was almost similar to another study undertaken at a tertiary care centre (28.2%) (9) . However, the researchers in the study by Leow et al. (9) did not recruit a low-risk sample to allow any comparison to be made with regards to the prevalence rates found in persons with and without diabetes.
Recent guidelines suggest that TST reactions in persons vaccinated with BCG should be interpreted using the same criteria for those who were not BCG vaccinated (15) . When a TST definition of ≥10 mm was used for both DM and non-DM group, there was no difference in LTBI rates in both groups (Table 4) (10, 15) . Conversely, when a TST definition of ≥8 mm in individuals with diabetes and ≥10 mm in the non-DM population was used, we found higher rates of LTBI in the DM population. These results indicate people with diabetes do have a certain degree of immunosuppression. They are also likely to have smaller responses to the TST as well as a higher risk of progression in active TB. Therefore, using a lower cut-off for persons with diabetes is valid.
In this study, smoking was found to be an independent risk factor associated with LTBI. Smokers also had an almost equal risk of contracting LTBI regardless of DM status. These results are in line with findings described in other large population-based studies (16, 17) . Also, studies have shown that the risk of reactivation of LTBI in a smoking adult is 2-fold that of a never smoker (16) .
Comparison with literature
Two factors were of particular interest in our study in terms of clinical parameters. In tandem with the findings of a similar study (18) , BMI status in DM patients was not associated with an increased risk of LTBI. Second, HbA1c levels among persons with diabetes in our study poorly correlated to LTBI. On the other hand, a study conducted in Mexico discovered that HbA1c levels were associated with LTBI in DM patients (18) . In that study, the mean HbA1c was recorded at 7.8%, comparable to the HbA1c levels found among DM participants in our study (7.7%) (18) . In line with previous studies (19, 20) , our study found that age was inversely correlated with TST measurements. While the mean age of participants in the study performed by Matinez-Aguilar et al. (18) was 53.4 years, the participants in our study were much older with a mean age of 61.7 years. Thus, age differences among DM participants in both studies could be a possible explanation for the discrepancy between HbA1c and LTBI status.
Strengths and limitations
This analysis would be the first in Malaysia designed to determine the prevalence rate of LTBI between two populations in the community-a DM and non-DM group. This study utilized a group of participants that represent LTBI in patients without diabetes as a benchmark for valid comparative assessment of the prevalence rates of LTBI found in persons with diabetes. Meticulous effort was made to control or ensure the baseline population was devoid of other risk factors related to reactivation of LTBI.
LTBI in the study population was solely detected using TST cut-offs in agreement with international and locally accepted diagnostic guidelines (10,11) . The decision to use various TST cut-offs in the diagnosis of LTBI is influenced by false-positive reactions related to BCG vaccinations and non-TB mycobacterium infection (15) . Therefore, in this study, an estimation of the PPV of TST readings was performed using Missing n = 5. a cut-off of 10 mm to validate the TST results in our setting. The PPV for TST in this study (>80% for both groups with and without diabetes) was higher when compared to a similar study conducted among healthy non-BCG vaccinated participants (PPV of 75%) (21) . In areas of intermediate to higher endemicity such as Malaysia, commercial IGRA seems to be a more accurate method of LTBI detection in high risk or immunosuppressed individuals (22) . Thus, one important limitation in our study was the absence of concurrent testing of patients utilizing IGRA, which would have allowed diagnostic comparisons to be made. Nevertheless, it is widely known that both TST and IGRA are acceptable but imperfect tests in the detection of LTBI (23, 24) . Furthermore, IGRA is not a cost-effective tool in a nationwide screening intervention involving high-risk groups. An economically viable option for the screening and treatment of LTBI in high-risk groups would be to perform IGRA to confirm a positive tuberculin result (22, 25, 26) .
In this study, we confirmed the statistical significance of our results by comparing the LTBI levels found in the non-DM group (Table 3) . However, the outcome of both of studies was gauged based on a one-step TST testing among DM patients. Since the waning reactivity in both DM and control group population could be recalled using repeat tuberculin testing (two-step testing), the prevalence rates in this study could likely be an underestimation of the actual prevalence of LTBI in the study population (15, 27) .
Conclusion
This study is a preliminary analysis of a more protracted longitudinal study. The next phase of the study involves the active surveillance of these patients over the next 5-10 years. The data from the analysis will allow a better estimation of the conversion rates of LTBI to clinically overt TB. The results could influence the need to undertake an interventional study assessing the efficacy of anti-TB prophylaxis in DM patients. Subsequently, the outcome of the study would be able to provide justification for or against recommending the initiation of anti-TB prophylaxis among DM patients.
